Background {#s1}
==========

Pyogenic granuloma (PG) is an acquired, benign vascular tumour of the skin or mucous membrane. PG is considered a reactive tumour-like lesion, arising from various stimuli, such as chronic low-grade irritation, traumatic injury, hormones or drug-induced reactions. PG development during chemotherapy has rarely been reported, including only one known case of PG development during ramucirumab administration,[@R1] where a *KDR* (vascular endothelial growth factor receptor-2 (VEGFR2)) p.T771R mutation was detected, although VEGFR2 expression was not evaluated. Therefore, in this study, the expression of VEGFR2 was evaluated by immunohistochemistry in a rare case of PG arising during ramucirumab administration.

Case presentation {#s2}
=================

A 48-year-old woman was referred to us due to a chest abnormality detected during an annual health examination in March 2012. A chest CT scan showed a mass in the left lower lobe, along with the presence of pleural nodules. Diagnostic transbronchial lung biopsy showed pulmonary adenocarcinoma classified as stage IV (T4N3M1a). Combination chemotherapy with carboplatin and pemetrexed plus bevacizumab was started; however, an ALK fusion gene mutation was detected during the initial treatment. The disease returned after first-line treatment, and the patient was sequentially treated with crizotinib, alectinib and nivolumab. Ten days after the administration of docetaxel and ramucirumab, a painless rice-to-pink-coloured papule appeared on the right thumb distal interphalangeal joint. The tumour bled occasionally and did not shrink. One month later, it increased in size to 20 mm ([figure 1](#F1){ref-type="fig"}).

![Pyogenic granuloma: macroscopic findings. A pedunculated tumour of approximately 20 mm was seen on the right thumb DIP joint. DIP, distal interphalangeal joint.](bcr-2019-231464f01){#F1}

Outcome and follow-up {#s3}
=====================

The tumour was surgically resected owing to a suspicious malignant metastasis. After PG resection, there was no recurrence. Unfortunately, docetaxel plus ramucirumab was discontinued due to progressive disease.

H&E staining of the resected tissue specimen revealed an epidermis-covered protuberant lesion showing irregular proliferation. Histopathological findings were consistent with PG ([figure 2A](#F2){ref-type="fig"}).

![Pyogenic granuloma. Under the epidermis, capillary vessels showing leafy densification were observed. Vascular endothelial cells showed mild nuclear enlargement. Oedema, bleeding and mild inflammatory cell infiltration were seen in the interstitium. Malignant cells were not observed and findings were consistent with pyogenic granuloma ((A) H&E staining; ×100 (left), ×400 (right)). Strong staining of VEGFR2 was observed in almost all vascular endothelial cells ((B) VEGFR2 immunostaining; ×400). TK1, a cell proliferation marker, was also frequently detected ((C) TK1/CD31 double immunostaining; ×400). VEGFR2, vascular endothelial growth factor receptor-2.](bcr-2019-231464f02){#F2}

For immunostaining, heat-induced antigen retrieval was performed by incubating sections with 10 mM Tris base containing 1 mM ethylenediaminetetraacetic acid (pH 9.0). To detect VEGFR2, a section was incubated with an anti-VEGFR2 rabbit monoclonal antibody (clone 55B11; Cell Signaling Technology, Danvers, Massachusetts, USA), followed by incubation with an anti-rabbit peroxidase polymer (Nichirei Bioscience, Tokyo, Japan). The reaction products were developed with a diaminobenzidine solution (Dako, Glostrup, Denmark). Thymidine kinase-1 (TK1) and cluster of differentiation (CD31) double immunostaining were performed using an anti-TK1 mouse monoclonal antibody (clone F12; Bio-Rad, Hercules, California, USA) and anti-CD31 rabbit monoclonal antibody (clone EP3095; Abcam, Cambridge, UK). Colours were developed using diaminobenzidine solution (Dako) for TK1 and Fuchsin +solution (Dako) for CD31.

Based on the immunostaining results, majority of the blood vessels were considered to be VEGFR2-positive ([figure 2B](#F2){ref-type="fig"}). TK1, a proliferation marker, was also found to be strongly expressed in the nuclei of endothelial cells ([figure 2C](#F2){ref-type="fig"}).

Discussion {#s4}
==========

PG is an acquired, benign vascular tumour of the skin or mucous membrane. This hyperangiogenic lesion grows rapidly, and frequently appears as a haemorrhagic, red-purple, venous or perforating tumour mass.[@R2] In children, PG is more common in boys than in girls; however, in adults, it is more common in women.[@R3] Vascular tumours are commonly found in the face and limbs; however, their cause is not yet clear.

PG arises from various stimuli, including chronic low-grade irritation, traumatic injury, hormones and drugs. There are several reports of pharmaceutical PG associated with gefitinib or paclitaxel.[@R5] Lim *et al* reported the development of PG under the administration of ramucirumab in 2015.[@R1] They detected a mutation in *KDR*, which is a driver of vascular lesions and is frequently observed after angioplasty and in patients with angiosarcoma.[@R1] Recently, there have been reports of 4 cases of PG onset using ramucirumab.[@R8]

In our case, although the *KDR* mutation status was not determined, positive staining for VEGFR2 was detected throughout the vascular tumour. In vitro study of angiosarcoma revealed KDR gene mutations to lead to autophosphorylation of KDR tyrosine kinase, and KDR-mutant tumours to uniformly express strong and diffused KDR protein as shown by immunohistochemistry.[@R7] It is therefore possible that a *KDR* mutation leads to the overexpression of VEGFR2. Thus, the latter may be inferred from the anti-VEGF action of ramucirumab to promote PG. We also analysed TK1, an alternative cell proliferation marker to Ki-67.[@R9] We found many cells positive for TK1 by immunostaining, thus indicating the proliferation of vascular cells.

Based on PG occurrence in the fingers, we hypothesised that a small wound triggered VEGFR2 overexpression by a mutation in *KDR* (p.T771R), which is a driver of vascular lesions, following ramucirumab administration. Positive TK1 staining suggested the vascular tumour to be growing rapidly.

There have been several reports of vascular tumour growth due to the use of angiogenesis inhibitors. However, despite the use of angiogenesis inhibitors, we found evidence for vascular tumour growth. VEGFR2 is likely to have been involved, owing to the concurrent ramucirumab administration.

In conclusion, we report a case of a vascular tumour (PG) during administration of the VEGFR2 inhibitor ramucirumab (an angiogenesis inhibitor). Therefore, during ramucirumab treatment, it is recommended to pay attention to the appearance of vascular lesions, which may occur at the sites of small wounds.

###### Learning points

-   Pyogenic granuloma (PG) is an acquired, benign vascular tumour of the skin or mucous membrane.

-   Positive staining for vascular endothelial growth factor receptor-2 (VEGFR2) was detected throughout the vascular tumour. The overexpression of VEGFR2 can be inferred from the anti-VEGF action of ramucirumab, promoting PG.

-   During ramucirumab treatment, it would be important to pay attention to the appearance of vascular lesions.
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